Abstract Objectives: Renal insufficiency is a risk factor for poor outcome after infrainguinal bypass in patients with critical limb ischemia (CLI). Estimated glomerular filtration rate (eGFR) takes age, gender and body size into account and therefore represents actual renal function more accurately than serum creatinine level alone. The aim of this study was to determine the impact of different stages of renal insufficiency on outcome and to assess the prognostic significance of eGFR in patients with CLI. Material and methods: 603 patients with CLI who underwent infrainguinal bypass between January 2002 and December 2005 at our institution were included in this retrospective study. We estimated GFR using the Modification of Diet in Renal Disease (MDRD) Study equation. Survival, leg salvage and amputation-free survival were calculated using KaplaneMeier method. Cox regression analysis was performed to calculate hazard ratios for different outcome variables. Results: Adjusted hazard ratio (HR) of mortality, limb loss and limb loss and/or death for eGFR <30 ml/min/1.73 m 2 versus serum creatinine >200 mmol/l was 4.0 (95% CI 2.22e7.39) vs 3.5 (95% CI 1.82e6.84), 6.5 (95% CI 2.71e15.59) vs 6.2 (95% CI 2.47e15.56) and 4.0 (95% CI 2.40e6.63) vs 3.6 (95% CI 2.03e6.25), respectively. Conclusion: Estimated GFR is better predictor of survival, leg salvage and amputation-free survival than serum creatinine alone. eGFR <30 ml/min/1.73 m 2 is independent risk factor for all three outcome endpoints. ª
Introduction
Cardiovascular mortality is higher among patients with endstage renal disease (ESRD) compared to normal population. 1 Dialysis dependent patients have usually heavily calcified distal arteries and wound healing is poor due to anemia, malnutrition, impaired immunity and tendency to infection. 2e5 Thus, patients with ESRD and critical limb ischemia undergoing infrainguinal bypass have poorer post-operative survival and higher amputation rates. 4, 6, 7 The impact of mild to moderate renal insufficiency on outcome after arterial reconstructions is less well known. Diabetes mellitus and hypertension are most common underlying causes of renal insufficiency and may further worsen the outcome. 8e10 However, renal insufficiency per se seems to be independent risk factor for poor prognosis. 11, 12 Chronic inflammatory activity and endothelial dysfunction are found in patients with albuminuria and elevated serum creatinine levels independently of other cardiovascular risk factors and this seems to be associated to progression of atherosclerosis. 8, 13, 14 Measurement of serum creatinine is most commonly used method to assess renal function, but it is an inaccurate estimate of actual renal function, especially in early renal insufficiency. 15 Direct measurement of glomerular filtration rate is the gold standard, but neither inulin clearance nor isotopic methods are practical in clinical use. Glomerular filtration rate can, however, be estimated with serum creatinine based equations; either Modification of Diet in renal Disease (MDRD) 16 or Cockcroft-Gault (CG) 17 formula. These formulas take age, gender, and body size into consideration and are therefore much more accurate in estimating renal function than serum creatinine alone. For example, glomerular filtration rate can in some patients decline to half the normal level before creatinine level reaches the upper limit of normal. 18 There is evidence, that reduced estimated glomerular filtration rate (eGFR) is associated with increased postoperative mortality both after cardiac 19 and other vascular 20, 21 procedures. The aim of this study was to assess the usefulness of eGFR as a predictor of survival, leg salvage and amputationfree survival after infrainguinal revascularization in CLI patients and, specifically, find out the impact of moderate renal insufficiency on the outcome.
Material and Methods
We retrospectively reviewed our institution's vascular registry (Husvasc). Consecutive 603 patients who underwent infrainguinal bypass for chronic critical limb ischemia (Fontaine class III or IV) between January 1st 2002 and December 31st 2005 at our institution were included in the study. Registry includes patient demographics, comorbid conditions, indications for surgery, specific operative details, complications and outcome at discharge. Follow-up data includes graft patency and dates of any graft revision or graft occlusion and also dates of major amputation or death. Dates of death were retrieved from population registry center. Follow-up visits according to our surveillance programme were at 1, 6, 12 and 24 months. Registry data of all patients included in study were cross-checked against patient records and any missing data in the registry was retrieved from the patient's records.
Primary end point was major amputation or death. Only amputations above the ankle were considered as major amputations. Serum creatinine (Scr) was measured one day before surgery. Serum creatinine levels were measured using IDMS (isotope dilution-mass spectrometry) traceable enzymatic assay (Roche Diagnostics, Basel, Switzerland), which is one of the most accurate methods available at present. 22 Glomerular filtration rate was estimated using the 4 200 mmol/L, and S-creatinine >200 mmol/L. The lower cut-of value was selected, because it is generally considered the upper limit of normal creatinine value. The upper cut-of value of 200 mmol/L was selected, because values above it represent severe renal insufficiency. Values between these cut-off points represent therefore moderate renal insufficiency.
The median age of study population was 73 years (interquartile range 65e80). The median follow-up time was 5 months (interquartile range 0e46 months). Baseline characteristics and co-morbidities of study population are presented in details in Table 2 . Indication was critical limb ischemia in all patients, 40% had rest pain and 60% had ulcer or gangrene. The proportions of femoro-popliteal, crural and pedal bypasses were 181(30%), 261(43%) and 81(13%), respectively. 70% of bypass operations were made using autologous vein as graft material. Kaplan-Meier method was used to calculate cumulative survival, leg salvage and amputation-free survival. Crude hazard ratios (HR) of mortality, limb loss and amputation and/or death were calculated for both eGFR and creatinine using Cox regression analysis. 95% confidence intervals (CIs) for HRs were also calculated. Adjusted hazard ratios with 95 % CIs were also calculated for both eGFR and creatinine. All confounding variables in Table 2 and also location of bypass operation or use of autologous versus other graft material were taken in to this adjusted regression model. HRs were calculated using eGFR and creatinine as continuous and as categorial variables. All statistical analyses were performed using SPSS for Windows, version 13.0 (SPSS inc., Chicago, Ill., USA). P-value of 0.05 was considered as statistically significant.
Results
According to estimated eGFR, 60.7% of patients (n Z 366) had normal or mildly impaired kidney function (eGFR >60 ml/min/1.73 m 2 ), 29.2% (n Z 176) had moderate renal insufficiency (eGFR 30e60 ml/min/1.73 m 2 ) and 10.1 % of patients (n Z 61) had severe renal insufficiency or kidney failure (eGFR <30 ml/min/1.73 m 2 ). However, according to serum creatinine level 77.4% (n Z 467) had normal renal function (creatinine <120 mmol/L) and only 15.1% (n Z 91) and 7.5% (n Z 45) had moderate (creatinine 120e200 mmol/ L) and severe (creatinine >200 mmol/L) renal insufficiency, respectively. The incidence of coronary artery disease, hypertension, and diabetes were higher in groups of moderate and severe renal insufficiency compared to those who had normal or just mildly impaired kidney function according to eGFR. There was not statistically significant difference in incidence of hyperlipidemia, COPD, or cerebrovascular disease between groups. eGFR groups were also similar according to Fontaine classification (Table 2) . Neither was there statistical difference between groups according to the location of original infra-inguinal bypass nor according to use of autologous versus other graft material.
Survival, leg salvage and amputation-free survival at one and two years are presented as Kaplan-Meier curves in Figs. 1e3. Adjusted hazard ratio (HR) of mortality, limb loss and limb loss and/or death for eGFR <30 ml/min/1.73 m 2 versus serum creatinine >200 mmol/l was 4.0 (95% CI 2.22e7.39) vs 3.5 (95% CI 1.82e6.84), 6.5 (95% CI 2.71e15.59) vs 6.2 (95% CI 2.47e15.56) and 4.0 (95% CI 2.40e6.63) vs 3.6 (95% CI 2.03e6.25), respectively. Both crude and adjusted hazard ratios of mortality, limb loss and amputation and/or death for both eGFR and serum creatinine are presented in Tables  3 and 4 .
Discussion
Infrainguinal revascularizations, be those bypass or endovascular, are useless unless limb and life are preserved. Renal insufficiency among other concurrent diseases plays a paramount role in this context. Serum creatinine value has been criticized to be inaccurate to identify mild renal insufficiency. 15, 18 Indeed, in the present study, the number of patients with mild to moderate renal insufficiency was larger when eGFR instead of serum creatinine was used to assess renal function. Low estimated GFR turned out to be the most powerful independent predictor of mid-term death and limb loss. In our series the incidence of diabetes, hypertension and coronary artery disease increased with reduced eGFR, and this is probably one confounding factor. However, diabetes and hypertension are most common underlying conditions of chronic renal insufficiency and CKD patients have higher incidence of advanced atherosclerosis and coronary artery disease. 8, 9 The average follow-up time in our series was only 8 months (median 5 months, range 0e 46 months) which was mainly due to very high end point rate: there were 43 deaths per 100 person years and 16 amputations per 100 person years. However, there was also missing follow-up data. The number of patients attending post-operative follow-up visits at 1, 6 and 12 months was 481 (80%), 380 (63%) and 299 (50%), respectively. Patients with critical limb ischemia are old and have usually several comorbid conditions, which is probably the main reason we lost patients from our surveillance program.
In recent years only a few authors have published about the association between estimated GFR and survival after infrainguinal bypass. O'Hare et al. 26 found renal insufficiency to be a strong independent predictor of mortality in CLI patients and that mortality risk was highest among patients with a GFR <30 ml/min/1.73 m 2 . Similarly, GFR <30 ml/min/1.73 m 2 was a strongly and independently associated with increased risk of death and limb loss in our study. Maithel et al. 21 recently showed, that independent of dialysis status, estimated GFR but not serum creatinine predicted also long term survival after lower limb revascularization. In their series, reduced eGFR was associated to higher mortality up to three years after bypass.
The association of renal insufficiency and increased amputation rate is more controversial. According to O'Hare et al. 27 dialysis dependent patients, but not patients with milder degrees of renal insufficiency, had high amputation rates. In the same series they found, that 46% of patients receiving dialysis were alive with salvaged leg at 1 year. In our series, eGFR <30 ml /min/1.73 m 2 was independent predictor of limb loss and death in regression model and only 38.7% of patients with severe renal insufficiency were alive with leg at one year. Also patients with moderate renal insufficiency had higher hazard ratios of limb loss and death and significantly poorer one year amputation-free survival than patients with no or mild renal insufficiency.
Long term amputation-free survival in patients with severe renal insufficiency is poor. Owens et al. 28 published 49% AE 3% 5-year amputation-free survival for eGFR >30 ml/ min/1.73 m 2 but only 8% AE 4% in patients with eGFR <30 ml/min/1.73 m 2 . Coronary artery disease and poor nutritional status seem to further worsen the outcome of Figure 1 a. One year cumulative survival for eGFR >60 (green line), eGFR 30e60 (black line) and eGFR <30 (red line) is 78.6%, 57.0% and 45.7% respectively. b. One year cumulative survival for Scr >120 (green line), Scr 120e200 (black line) and >200 (red line) is 74.5%, 49.8% and 47.9%, respectively. Numbers above time axis represent patients at risk. Figure 2 a. One year cumulative leg salvage for eGFR >60 (green line), eGFR 30e60 (black line) and eGFR <30 (red line) is 86.5%, 80.5% and 54.7%, respectively. b. One year cumulative leg salvage for Scr >120 (green line), Scr 120e200 (black line) and >200 (red line) is 86.4%, 71.0% and 52.1%, respectively. Numbers above time axis represent patients at risk. dialysis dependent patients. Indeed, earlier data from our institution 29 revealed as poor as 12% one year amputationfree survival after infrainguinal revascularization in dialysis depended patients with critical limb ischemia and coronary artery disease. In same series, low serum albumin concentration was also risk factor for poor outcome.
Several studies have showed, that eGFR reflects actual renal function better than serum creatinine alone, but there has also been lot of criticism concerning the use of GFR estimation formulas. A major concern is the accuracy of creatinine assay itself. Due to that it is now recommended that all creatinine methods should become traceable to a reference method based on isotope dilution-mass spectrometry (IDMS). Recalibration of creatinine methods to be traceable to IDMS requires the use of revised MDRD equation with a 6% change in calculation factor from a value of 186 to 175.
22e24 Both MDRD and CockcrofteGault (CG) formulas are developed and validated in populations with CKD. Therefore they are not as accurate in patients without known kidney disease and estimated GFR seems to underestimate actual renal function in patients with normal kidneys. 30, 31 There is also evidence, that these estimating formulas are useful in patients with good nutrition, but they are not as accurate in elderly patients with poor nutritional status. 32 CG formula includes weight, and it tends to overestimate the GFR in obese patients. MDRD formula on the other hand overestimates renal function in underweight patients. 33 The advantage of MDRD formula is that patient's weight is not required, which was also the main reason for its use instead of CG formula in this study. There is also some evidence, that MDRD formula may perform better than CG in CKD patients with respect to accuracy. 33, 34 Despite of their limitations, serum creatinine based estimating formulas, such as MDRD, remain the best alternative to assess renal function in every day clinical practise.
Conclusion
Renal insufficiency, not only renal failure, but also moderate impairment of renal function, seems to be a significant risk factor for both limb loss and death after infrainguinal bypass in patients with critical limb ischemia. Low eGFR (<30 ml/min/1.73 m 2 ) is a marker of even higher hazard. Regardless of its limitations, estimated GFR is more accurate predictor of survival and leg salvage after infrainguinal bypass in CLI patients than serum creatinine alone. Therefore we conclude, that GFR estimation should be used instead of creatinine level alone in risk evaluation of patients undergoing infrainguinal revascularization for critical limb ischemia. 
